
DESCRIPTION 



SPREAD CODE ASSIGNING METHOD IN 
CODE SPREAD RADIO COMMUNICATION USING A PLURALITY OF 
TRANSMISSION/RECEPTION ANTENNAS AND 
CODE SPREAD RADIO COMMUNICATION SYSTEM USING THE SAME 



TECHNICAL FIELD 

The present Invention relates to a method of assigning spread codes 
to each of propagation paths or each of transmission antennas In code spread 
radio communication using a plurality of transmission/reception antennas, and 
a code spread radio communication system to which such a spread code 
assigning method is applied. 

BACKGROUND ART 

A Multiple-Input Multiple-Output method (hereinafter abbreviated as a 
MIMO method) using a plurality of antennas for transmission and reception is 
known as a method of improving frequency utilization efficiency by means of 
parallel transmissions utilizing independency of propagation paths. In the 
MIMO method, a plurality of propagation paths are set between the 
transmission side and the reception side by using a plurality of antennas at 
least on one side of either transmission side or reception side. 

On the other hand, a Code Division Multiple Access method 
(hereinafter abbreviated as a CDMA method) is known as a method for 
realizing circuit multiplex at the same time and at the same frequency by using 
code spread. 



1 



A description of a conventional code spread radio communication 
system combining the Ml MO method and the CDMA method will be provided 
with reference to Fig. 1. 

This code spread radio communication system is provided with a 
5 transmitter 301 disposed on the transmission side and a receiver 302 
disposed on the reception side. Here, it is assumed for simplifying the 
explanation that the transmitter 301 is provided with two antennas 31 1 and 
312, and the receiver 302 is provided with two antennas 321 and 322. 

The transmitter 301 is provided with transmission signal generation 

10 circuits 103 and 104 connected to the antennas 31 1 and 312. respectively, a 
spread code assigning circuit 304, and a scheduler 303. The spread code 
assigning circuit 304 supplies the transmission signal generation circuits 103 
and 104 with code assigning signals Saloci and Saloc2» respectively. The 
scheduler 303 outputs a data making request signal Sdda to the transmission 

15 signal generation circuits 103 and 104, and it outputs to the spread code 
assigning circuit 304, a code multiplex number notifying signal Scnum for 
notifying a code multiplex number (code multiplex number) corresponding to a 
data volume. The code multiplex number described here is the one showing 
how many spread codes are used for spread modulation and how the spread 

20 modulated signals are multiplexed for transmission in each of the transmission 
signal generation circuits 103 and 104. In other words, the code multiplex 
number shows how many spread codes are used for each propagation path. 

The data making request signal Sdda. the code assigning signal Saloci 
and information Sdata to be transmitted are inputted to the transmission signal 

25 generation circuit 103. The transmission signal generation circuit 103 then 
generates a transmission data from the information Sdata to be transmitted 
according to the data making request signal Sdoa. The transmission signal 
generation circuit 103 spreads and multiplexes this transmission data with the 
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spread codes corresponding to the code assigning signal Saloci and outputs a 
transmission signal Stxl The transmission signal Stxi is transmitted from the 
antenna 311. Similarly, the transmission signal generation circuit 104 makes 
a transmission data according to the data making request signal Sdda, and 
5 spreads and multiplexes this transmission data with the spread codes 
corresponding to the code assigning signal Saloc2 for outputting a 
transmission signal Stx2. The transmission signal Stx2 is transmitted from the 
antenna 312. Since the transmission signals Sjxi and Stx2 transmitted from 
the antennas 311 and 312 are subjected to the code spread, respectively, 

10 they are formed in code spread transmission signals, respectively. The 
spread code assigning circuit 304 receives the code multiplex number 
notifying signal Scnum. and outputs the spread code assigning signals Saloci 
and Saloc2 for designating as many spread codes as the number 
corresponding to this input signal to each of the propagation paths. 

15 Referring to Fig. 2, a description of a configuration of the transmission 

signal generation circuits 103 and 104 will be provided. Since the 
transmission signal generation circuits 103 and 104 have the same circuit 
configuration, an explanation will be made here with the transmission signal 
generation circuit 401. Let the spread code assigning signal supplied to the 

20 transmission signal generation circuit 401 be Saloc* 

The transmission signal generation circuit 401 is provided with a data 
generation circuit 402, an encoder 403, an interleaver 404, a serial/parallel 
converter 405, a spread unit 406 and a code multiplex unit 407. The data 
generation circuit 402 receives the information Sdata to be transmitted as an 

25 input, and outputs a transmission data Stxo under a control given by the data 
making request signal Sdda. The encoder 403 encodes the transmission data 
Stxd and outputs an encoded data Scoded. The interleaver 404 rearranges 
(interleaves) the bit an'angement of the encoded data ScoQED sccording to a 
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predetermined rule, and outputs it as an interleaver output signal Siq. 

Here, it is assumed that the code multiplex number for each 
transmission antenna is 4. In this case, the serial/parallel converter 405 
receives the code assigning signal Saloc as an input, parallel converts the 
5 interleaver output signal Sio according to the code multiplex number, and 
outputs them as spread unit input signals Ssplo, Sspli» Sspl2 and Sspu* The 
spread unit 406 spreads the spread unit input signals Ssplo. Sspu, Sspu and 
SsPL3 with spread codes Co. Ci, Ca and C3 which are orthogonal to each other 
designated by the code assigning signal Saloci and outputs spread unit output 

10 signals Sspoo. Sspoi. Sspoz and Sspo3. The code multiplex unit 407 multiplexes 
the spread unit output signals Sspoo. Sspoi » Sspo2 and Sspoa, and outputs a 
transmission signal Stx- 

The code assigning signal S^loc is a signal for designating the spread 
codes used in the spread unit 406. By knowing how many spread codes are 

15 designated in the code assigning signal Saloc, the code multiplex number 
designated to the transmission signal generation circuit 401 can be 
comprehended. 

Referring back to Fig. 1, in the receiver 302. the reception signals Srxi 
and Srx2 are respectively received from the antennas 321 and 322. The 

20 receiver 302 is provided with a demodulation circuit 305 for demodulating the 
reception signals Srxi and Srx2. The demodulation circuit 305 outputs the 
regenerated data Sddi and Sdo2 corresponding to the transmission data 
generated in the transmission signal generation circuits 103 and 104. 
Fig. 3 illustrates an example of internal configuration of the 

25 demodulation circuit 305. Here, it is assumed that the maximum value of the 
code multiplex number is 4. In this case, the demodulation circuit 305 is 
provided with 4 de*spreaders 502 through 505 connected to the antenna 321 
and 4 de-spreaders 506 through 509 connected to the antenna 322. A linear 
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filter 510 is connected to the outputs of the de-spreaders 502 and 506, and a 
linear filter 51 1 is connected to the outputs of the de-spreaders 503 and 507. 
Similarly, a linear filter 512 is connected to the outputs of the de-spreaders 
504 and 508, and a linear filter 513 is connected to the outputs of the de- 
spreaders 505 and 509. Each of the linear filters 510 through 513 is provided 
for suppressing signal components except for the transmission signal. The 
demodulation circuit 305 is also provided with a parallel/serial converter 514 
for parallel/serial converting the outputs of the linear filters 510 through 513. 
The demodulation circuit 305 is further provided with two deinterleavers 515 
and 516 connected to the output side of the parallel/serial converter 514, and 
decoders 517 and 518 respectively connected to the output side of the 
deinterleavers 515 and 516. 

The de-spreaders 502 through 505 connected to the antenna 321 
receive the reception signal Srxi from the antenna 321 as an input The de- 
spreaders 502 through 505 de-spread the reception signal Srxi respectively 
with the spread codes Co. Ci, C2 and C3. and output de-spreader output 
signals Sdsoio, Sdsoh. Sqsoiz and S0S013. The de-spreaders 506 through 509 
connected to the antenna 322 receive the reception signal Srx2 from the 
antenna 322 as an input. The de-spreaders 506 through 509 de-spread the 
reception signal Srx2 respectively with the same spread codes Co, Ci, C2 and 
C3 as the de-spreader 502 through 506, and output de-spreader output 
signals Sdso2o. Sdso2i. Sdso22 and 805023. Of course, the spread codes Co. Ci. 
C2 and C3 mentioned here are respectively the same as the spread codes Co, 
Ci, C2 and C3 used in the transmitter 301 . 

The linear filter 510 receives the de-spreader output signals Sosoio 
and Sdso2o. The linear filter 510 suppresses the signal components 
corresponding to the transmission signals other than the transmission signals 
Stxi and Stx2 in the de-spreader output signals Sosoio and S0S020. The linear 



filter 510 outputs filter output signals Spoio and Sfo2o corresponding to the 
components spread with the spread code Co in the transmission signals Sixi 
and Stx2- Similarly, the linear filter 51 1 receives the de-spreader output 
signals Sdsou and S0S0211 and suppresses the signal components 
5 corresponding to the transmission signals other than the transmission signals 
Stxi and 87x2 in the de-spreader output signals Sdsou and Sdso21' The linear 
filter 51 1 outputs filter output signals Sfoh and Sfo2i con*esponding to the 
components spread with the spread code Ci in the transmission signals Stxi 
and Sjxz^ The linear filter 512 receives the de-spreader output signals S05012 

10 and Soso22i and outputs filter output signals Sfoi2 and Sfo22 corresponding to 
the components spread with the spread code C2 in the transmission signals 
Stxi and S-oa- The linear filter 513 receives the de-spreader output signals 
Sdsoi3 and Sdso23» and outputs filter output signals Spon and Sfo23 
con-esponding to the components spread with the spread code C3 in the 

15 transmission signals Stxi and 81x2- 

The parallel/serial converter 514 parallel/serial converts the filter 
output signals Sfoio, Sfoh* Sfoi2 and Sponfor outputting the deinterleaver 
input signal Sqih. and also parallel/serial converts the filter output signals Sfo20. 
Sfo2i» Sfo22 and Sfo23 for outputting the deinterleaver input signal S0112. Of 

20 course, the operation of parallel/serial conversion in the parallel/serial 

converter 514 corresponds to the operation of the serial/parallel conversion in 
the serial/parallel converter 405 (refer to Fig. 2) included in the transmission 
signal generation circuits 103 and 104 in the transmitter 301. 

The deinterleavers 515 and 516 receive respectively the deinterleaver 

25 input signals Som and S0112 as an input for deinterleaving, and output the 

deinterleaver output signals S0101 and 80102. The deinterleaving operation in 
the deinterleavers 515 and 516 is the operation reverse to the interleaving 
operation in the interleaver 404 (refer to Fig. 2) included in the transmission 
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signal generation circuits 103 and 104 in the transmitter 301. The decoders 
517 and 518 receive the deinterleaver output signals Soioi and Sdio2 as an 
input for performing error correction decoding, and output decoded data Soo^ 
and Soo2. respectively. These decoded data Sdoi and Sdd2 are respectively 
5 the same as the transmission data generated in the transmission signal 
generation circuits 103 and 104, if the reception signal Is normally received 
and if the error correction decoding is correctly performed. 

tn the case that the code multiplex number in the signal transmitted by 
and coming from the transmitter 301 is less than 4, no meaningful signals are 

10 outputted from the de-spreaders corresponding to the spread codes which are 
not used on the side of the transmitter 301. Therefore, the signals coming 
from those de-spreaders may be Ignored for performing the parallel/serial 
conversion and so forth. 

In the code spread radio communication system as described above. 

15 one propagation path is formed between the transmission antenna 311 and 
the reception antenna 321, and another propagation path is formed between 
the transmission antenna 312 and the reception antenna 322. In these 
propagation paths, information (transmission data) different from each other is 
transmitted. Since the same spread codes are used in the both propagation 

20 paths, in case that correlation between the propagation paths is high, the 
information transmitted through one propagation path is interfered by the 
information transmitted through the other propagation path. This brings an 
increase in a code error rate in the transmitted information and so forth. 
Specifically, it becomes difficult to make separation among different 

25 transmission signals using the same spread codes in the linear filter and 
accordingly, the reception characteristic is greatly deteriorated. 

In the case of a general CDMA system, for example, the unexamined 
patent publication No. 2001-008262 (hereinafter refen^ed to as document 1) 
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discloses a technology to assign optimum spread codes according to inter- 
channel interference. Specifically, the document 1 discloses that inter- 
channel space correlations and code correlations between spread codes used 
in the communication are calculated, and products of these space correlations 
and code correlations are obtained to further obtain time and space 
correlations, and selection of the spread codes are made so as to lessen the 
sum of the time and space correlations over the entire channels. However, 
there is no disclosure of a guideline for a specific spread code assignment to 
each channel. 

On the other hand, the unexamined patent publication No. 2000- 
059334 (hereinafter referred to as document 2) discloses a method of 
estimating conditions of propagation paths. This method is such that, on the 
reception side, two Kinds of correlation values in which only codes are 
different are obtained by de-spread, a variance regarding each of the two 
kinds of conretation values is calculated, and only the less value of them is 
used for estimating an interfering wave power. 

However, in the conventional code spread radio communication 
system using a plurality of antennas, the same spread code is used for 
different propagation paths, and therefore, in case that correlation between 
propagation paths is high, a problem occurs such that the information mutually 
interferes each other between such propagation paths, and the reception 
characteristic is resultantly deteriorated. 

An object of this invention is to provide a code assigning method by 
which even if correlation exists between propagation paths in a code spread 
radio communication system, spread codes may be dynamically assigned to 
each propagation path corresponding to the correlation between propagation 
paths. 

Another object of this invention is to provide a code spread radio 
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communication system using the above-mentioned code assigning method. 

DISCLOSURE OF THE INVENTION 

The spread code assigning method according to the present invention 
5 is applied to a code spread radio communication system including a first radio 
transmission device provided with a transmitter for transmitting different first 
through Mth code spread transmission signals from each of M (M is an integer 
of 2 or more) transmission antennas, and a second radio transmission device 
provided with a receiver for receiving and demodulating first through Mth code 
10 spread transmission signals through N (N is an integer of 1 or more) reception 
antennas. 

In a first aspect of the spread code assigning method according to the 
present Invention, a correlation value of each propagation path between each 
transmission antenna and each reception antenna is calculated. As a result of 

15 the calculation, for the ith (i is an integer of 1 or more and M or less) 

transmission antenna having a propagation path whose correlation value 
exceeds a predetermined threshold value, only spread codes orthogonal to 
the spread codes of the jth Q is an integer of 1 or more and M or less. 
transmission antenna corresponding to the concerned correlation value are 

20 assigned. On the other hand, for a transmission antenna having no 

propagation path whose correlation exceeds the threshold value, spread 
codes are assigned without considering orthogonality to spread codes in the 
other transmission antennas. 

In a second aspect of the spread code assigning method according to 

25 the present invention, a correlation value of each propagation path between 
each transmission antenna and each reception antenna is calculated. As a 
result of the calculation, for the ith (i is an integer of 1 or more and M or less) 
transmission antenna having a propagation path whose correlation value 
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exceeds a predetermined threshold value, spread codes having a snnall cross 
correlation to the spread codes of the jth 0 is an integer of 1 or more and M or 
less, i^i) transmission antenna corresponding to the concerned correlation 
value are preferentially assigned. On the other hand, for a transmission 
antenna having no propagation path whose correlation exceeds the threshold 
value, spread codes are assigned without considering orthogonality to spread 
codes in the other transmission antennas. 

In the spread code assigning method according to the second aspect, 
the spread codes having a small cross correlation to the spread code of the jth 
transmission antenna are, for example, spread codes orthogonal to the spread 
codes of the jth transmission antenna. 

In a third aspect of the spread code assigning method according to the 
present invention, a reception quality at a time when each code spread 
transmission signal is received is detected. In the case that the detected 
reception quality is below an object minimum value, the maximum value of the 
number of spread codes assigned to the transmission antenna corresponding 
to the concerned reception quality is decreased. On the other hand, in the 
case that the detected reception quality exceeds an object maximum value, 
the maximum value of the number of spread codes assigned to the 
transmission antenna corresponding to the concerned reception quality is 
increased. 

A code spread radio communication system according to the present 
invention includes a first radio transmission device provided with a transmitter 
for transmitting different first through Mth code spread transmission signals 
from each of M (M is an integer of 2 or more) transmission antennas, and a 
second radio transmission device provided with a receiver for receiving and 
demodulating the first through Mth code spread transmission signals through 
N (N is an integer of 1 or more) reception antennas. 
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In a first aspect of the code spread radio communication system 
according to the present invention, the receiver is provided with a correlation 
value estimation unit for calculating a correlation value of each propagation 
path between each transmission antenna and each reception antenna and 
transmitting the calculated result as propagation path correlation information. 
On the other hand, the transmitter is provided with a spread code assigning 
unit. The spread code assigning unit assigns, based on the propagation path 
correlation information, for the 1th (i Is an integer of 1 or more and M or less) 
transmission antenna having a propagation path whose correlation value 
exceeds a predetermined threshold value, only spread codes orthogonal to 
the spread codes of the jth 0 is an integer of 1 or more and M or less, i^ij) 
transmission antenna corresponding to the concerned correlation value. On 
the other hand, the spread code assigning unit assigns spread codes for a 
transmission antenna having no propagation path whose correlation value 
exceeds the threshold value, without considering orthogonality to spread 
codes in the other transmission antennas. 

The spread code assigning unit in the first aspect may preferentially 
assign, based on the propagation path correlation information, for the i-th (i is 
an integer of 1 or more and M or less) transmission antenna having a 
propagation path whose correlation value exceeds the predetermined 
threshold value, spread codes having a small cross correlation to the spread 
codes of the jth (j is an integer of 1 or more and M or less, H) transmission 
antenna corresponding to the concemed correlation value. In this case, the 
spread code assigning unit assigns spread codes for a transmission antenna 
having no propagation path whose correlation value exceeds the threshold 
value, without considering orthogonality to spread codes in the other 
transmission antennas. 

In the second aspect of the code spread radio communication system 
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according to the present invention, the receiver is provided with a reception 
quality detection unit for detecting reception quality at a time when each code 
spread transmission signal is received and a code multiplex number control 
signal generating unit The code multiplex number control signal generating 
unit, in the case that the reception quality is below an object minimum value, 
transmits the code multiplex number control information Indicating decreasing 
of the maximum value of the number of spread codes assigned to the 
transmission antenna corresponding to the concerned reception quality, and 
on the other hand, in the case that the reception quality exceeds an object 
maximum value, transmits the code multiplex number control information 
indicating increasing of the maximum value of the number of spread codes 
assigned to the transmission antenna corresponding to the concerned 
reception quality. The transmitter is provided with a spread code assigning 
unit for assigning spread codes to each transmission antenna based on the 
code multiplex number control information. 

As for the reception quality, any of the packet success rate, the signal 
to interference signal power ratio, and the bit error rate is used, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a conventional code spread radio 
communication system using a plurality of transmission/reception antennas. 

Fig. 2 is a block diagram showing a configuration of a transmission 
signal generation circuit provided wiUiin the transmitter of the code spread 
radio communication system shown in Fig. 1. 

Fig. 3 Is a block diagram showing a configuration of a demodulation 
circuit provided within the receiver of the code spread radio communication 
system shown in Fig. 1. 

Fig. 4 is a block diagram showing a code spread radio communication 
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system according to the first embodiment of the present invention using a 
plurality of transmission/reception antennas. 

Fig. 5 is a block diagram showing a configuration example of a 
demodulation circuit provided vi/ithin the receiver of the code spread radio 
5 communication system shown in Fig. 4. 

Fig. 6 is a diagram to explain an example of correlation of each 
propagation path between transmission antennas and reception antennas and 
spread code assignment 

Fig. 7 is a diagram to explain another example of correlation of each 
10 propagation path between transmission antennas and reception antennas and 
spread code assignment. 

Fig. 8 is a block diagram showing a code spread radio communication 
system according to the second embodiment of the present invention using a 
plurality of transmission/reception antennas. 
15 Fig.9 is a block diagram showing a configuration example of a 

demodulation circuit provided within the receiver of the code spread radio 
communication system shown in Fig. 8. 

Fig. 10 is a diagram to explain spread code assignment in the second 
embodiment of the present invention. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description of preferred embodiments of the present invention will be 
provided with reference to the accompanying drawings. Fig. 4 is a block 
diagram showing a configuration of the spread code radio communication 
25 system according to the first embodiment of the present invention. 

In Fig. 4, the spread code radio communication system includes a 
transmitter 101 and a receiver 102. In practice, the transmitter 101 is 
arranged within the first radio transmission device 1 1 , and the receiver 102 is 
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arranged within the second radio transmission device 12 which is located at a 
place different from the first radio transmission device 11. The first and 
second radio transmission devices 1 1 and 12 mutually perform a two-way 
radio communication. Therefore, a propagation path towards the first radio 
5 transmission device 1 1 from the second radio transmission device 12 (reverse 
direction channel 120) is also set. For transmission through the reverse 
direction channel, the second radio transmission device 12 is provided with a 
transmitter and an antenna for the reverse direction channel, and the first 
radio transmission device 11 is provided with a receiver and an antenna for 

10 the reverse direction channel. Here, it is assumed that two transmission 
antennas 111 and 1 1 2 are connected to the transmitter 101, and two 
reception antennas 121 and 122 are connected to the receiver 102. 

The transmitter 101 is provided with transmission signal generation 
circuits 103 and 104 connected to the antennas 111 and 112, respectively, a 

15 scheduler 105, and a spread code assigning circuit 106. The scheduler 105 
outputs a data making request signal Sdoa to the transmission signal 
generation circuits 1 03 and 1 04, and also outputs a code multiplex number 
notifying signal Scnum for notifying a code multiplex number corresponding to a 
data volume to the spread code assigning circuit 1 06. The spread code 

20 assigning circuit 106 supplies spread code assigning signals Saloci and 

Saloc2 to the transmission signal generation circuits 103 and 104, respectively, 
and also outputs a code multiplex number restriction signal Scres to the 
scheduler 105. 

The transmission signal generation circuit 103 receives the data 
25 making request signal Soda, the spread code assigning signal Saloci ^nd the 
information to be transmitted, and generates a transmission data from the 
information to be transmitted according to the data making request signal Sdoa* 
The transmission signal generation circuit 103 also spreads and multiplexes 
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the generated transmission data by the spread codes corresponding to the 
code assigning signal Salocii and outputs a transmission signal Stxl The 
transmission signal Stxi is transmitted through the antenna 111. Similarly, the 
transmission signal generation circuit 104 generates a transmission data 
5 according to the data making request signal Sdqa. The transmission signal 
generation circuit 1 04 spreads and multiplexes the generated transmission 
data by the spread code corresponding to the spread code assigning signal 
Saloc2 and outputs a transmission signal Sixz. The transmission signal S-nu is 
transmitted through the antenna 112. As the transmission signal generation 
10 circuits 103 and 104, a transmission signal generation circuit 401 shown in Fig. 
2 may be used. 

The scheduler 105 receives the code multiplex number restriction 

I 

signal Scres sent from the spread code assigning circuit 106, and outputs the 
data making request signal Soda and the code multiplex number notifying 

15 signal Scnum for notifying a code multiplex number corresponding to a data 

volume to be transmitted. In this case, the scheduler 105 determines the code 
multiplex number in the transmission signal generation circuits 103 and 104, 
within a range of the code multiplex number designated by the code multiplex 
number restriction signal Scres- 

20 The spread code assigning circuit 106 receives propagation path 

correlation information Scor sent through the reverse direction channel 130 
from the receiver 102 (the second radio transmission device 12) and the code 
multiplex number notifying signal Scnum from the scheduler 105. The spread 
code assigning circuit 106 outputs, to the transmission signal generation 

25 circuits 103 and 104, the spread code assigning signals Saloci and Saloc2 for 
designating as many spread codes as the number conresponding to the code 
multiplex number notifying signal Scnum received from the scheduler 105. The 
spread code assigning circuit 106 also, based on the propagation path 



15 



correlation information Scor. determines the upper limit of the code multiplex 
number in each propagation path, as described later and outputs the code 
multiplex number restriction signal Scres representing Its limit. 

The receiver 102 Is provided with a demodulation circuit 107 and a 
5 propagation path correlation estimation circuit 108. The demodulation circuit 
107 receives the reception signals Srxi and Srx2 from the antennas 121 and 
122, respectively. The demodulation circuit 107 demodulates the reception 
signals Srxi and Srx2. and also conducts propagation path estimation 
between transmission/reception antennas to thereby output propagation path 

10 estimation information Schest to the propagation path correlation estimation 
circuit 108. The propagation path correlation estimation circuit 108 estimates 
correlation values of the propagation paths between transmission/reception 
antennas, based on the propagation path estimation infomiation Schest. and 
outputs propagation path correlation information Scor. The demodulation 

15 circuit 107 outputs, as a result of demodulation of the reception signals Srxi 
and Srx2, regenerated data Sddi and Sdo2 respectively corresponding to the 
transmission data generated in the transmission signal generation circuits 103 
and 1 04. 

Fig. 5 illustrates an example of an internal configuration of the 
20 demodulation circuit 107. Although the demodulation circuit 107 has almost 
the same configuration as described by referring to Fig. 3, a difference thereof 
from the demodulation circuit 305 shown in Fig. 3 resides in that the circuit 7 is 
provided with a propagation path estimation unit 140 for conducting 
propagation path estimation based on the reception signals Srxi and Srx2 
25 received with the antennas 121 and 122, and for outputting the propagation 
path estimation information Schest. The propagation path estimation unit 140 
conducts propagation patKestimation by detecting, for example, a pilot signal 
transmitted by the transmitter 101 . The propagation path estimation using a 
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pilot signal is disclosed, for example, in the afore-mentioned document 2. 

The operation of code assignment in the code spread radio 
communication system will be described. 

The demodulation circuit 107 of the receiver 102 always demodulates 
the reception signals Srxi and Srx2 received by the reception antennas 121 
and 122 to output the regenerated data Sodi and Sdo2. and also to output the 
propagation path estimation information Schest by conducting the propagation 
path estimation. The propagation path correlation estimation circuit 108 
calculates correlation values of the propagation paths between 
transmission/reception antennas based on the propagation path estimation 
information Schest. and outputs the calculated result as the propagation path 
correlation infomnation Scor. In this case, it is assumed Vnat the propagation 
path coH'elation estimation circuit 1 08 outputs as the propagation path 
conrelation information Scor the greater value of either the propagation patti 
correlation between the transmission antennas 111 and 112 and the reception 
antenna 121 or the propagation path correlation between the transmission 
antennas 111 and 112 and the reception antenna 122. The propagation patii 
correlation information Scor is transmitted through the reverse direction 
channel 130 to the spread code assigning circuit 106 of the transmitter 101. 

The spread code assigning circuit 106 judges Uiat there is no need to 
place a restriction to the code multiplex number if the propagation path 
correlation information Scor is smaller than a prescribed threshold value. In 
case the propagation path correlation infomnation Scor is larger tiian the 
threshold value, conrelation between the propagation paths is high, in this 
case, the spread code assigning circuit 106 operates in such a way that 
spread codes orthogonal to each other and different for each of the 
propagation paths are assigned to such highly cross correlated propagation 
paths. Assigning a spread code to a propagation path is to assign the spread 
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code to the transmission signal generation circuit connected to the 
transmission antenna located at the transmission end of the propagation path. 
Therefore, the spread code assigning circuit 108 assigns spread codes by 
sending the spread code assigning signals Saloci and Saloc2 to the 
transmission signal generation circuits 103 and 104, respectively. In this case, 
as the spread code assigning signal, the spread code itself to be assigned 
may be used, or the number designating a particular one among a group of 
spread codes to be used in the spread code radio communication system may 
be used. 

Assuming that the range of the values of the propagation path 
conreiation information Scor is 0 or more and 1 or less (that Is, normalized), 
and that as the above-mentioned threshold value, for example, 0.3 is used. In 
this case, it is assumed that the spread code assigning circuit 106 gives only 
spread codes orthogonal to each other to the transmission signal generation 
circuits 103 and 104, if the propagation path correlation information Scor is 0.3 
or more. 

Fig. 6 illustrates an example of cross correlation of each propagation 
path between the transmission antennas 111 and 112 and the reception 
antennas 121 and 122. In this example, correlation of a propagation path 
between the transmission antennas 111 and the reception antennas 121 with 
a propagation path between the transmission antennas 112 and the reception 
antennas 121 is 0.1. On the other hand, correlation of a propagation path 
between the transmission antennas 111 and the reception antennas 122 with 
a propagation path between the transmission antennas 112 and the reception 
antennas 122 is 0.2. Therefore, as the propagation path correlation 
information Scor. the information representing 0.2 is transmitted to the spread 
code assigning circuit 106. Then, since the propagation path correlation 
information Sqor is less than 0.3 of the threshold value, code assignment is 
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not restricted and the code multiplex number restriction signal Sqres becomes 
4 of its maximum value. Therefore, all the spread codes (code 0 through code 
4 shown in the figure) can be assigned to both of the transmission antennas 
111 and 112 (that is, the transmission signal generation circuits 103 and 104). 

Fig. 7 illustrates, similarly to Fig. 6, an example of cross correlation of 
each propagation path between the transmission antennas 111 and 112 and 
the reception antennas 121 and 122. In this example, correlation of a 
propagation path between the transmission antennas 111 and the reception 
antennas 121 with a propagation path between the transmission antennas 1 12 
and the reception antennas 121 is 0.5. On the other hand, correlation of a 
propagation path between the transmission antennas 111 and the reception 
antennas 122 with a propagation path between the transmission antennas 112 
and the reception antennas 122 is 0.2. In this case, the propagation path 
correlation information Scor is 0.5, and since it is greater than 0.3 of the 
threshold value, spread codes to be assigned to the transmission antennas 
111 and 112 are required to be orthogonal to each other. Therefore, only two 
spread codes at the most can be assigned to the transmission antennas 111 
and 112 (that is, the transmission signal generation circuits 103 and 104). 
The spread code assigning circuit 106 outputs information representing 2 as 
the code multiplex number restriction signal Scres. and also as the spread 
codes, assigns code 0 and code 1 to the transmission antenna 111 and 
assigns code 2 and code 3 to the transmission antenna 112. These spread 
codes are orthogonal to each other In this case, although the number of 
spread codes assignable to the transmission antennas 111 and 1 12 is 
restricted, a deterioration of the characteristic due to high propagation path 
correlation can be suppressed. 

As described above, according to the first embodiment, the code 
multiplex number set to each propagation path can be adaptively controlled 
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according to the correlations of the propagation paths between the 
transmission/reception antennas. In this embodiment, a transmission of high 
composite gain can be realized, by preferentially assigning an antenna of a 
good propagation path quality to a transmission signal that is required a large 
SIR (signal to interference wave power ratio). 

In the above first embodiment for the sake of simplicity, the 
description was provided for the case that the number of the transmission 
antennas and the reception antennas is respectively two, the present 
invention is not limited to this case. Considering that the MIMO method uses 
the independency of propagation paths and spread codes are assigned to 
every transmission antenna, it is necessary that the number of transmission 
antennas is two or more. However the reception antenna may be one or more. 
Even if code spread transmission signals from a plurality of transmission 
antennas are received by a single reception antenna, if the spread codes are 
orthogonal or nearly orthogonal, the reception can be made sufficiently well. 
Accordingly, the number of the transmission antennas and the number of the 
reception antennas are not needed to be identical. 

As described above, in the case that the number of the transmission 
antennas is M (M > 2} and each of them transmits different code spread 
transmission signals, the correlation values of the propagation paths between 
M transmission antennas and N reception antennas are calculated, where the 
number of the reception antennas is N (N ^ 1 ). For the ith (i is an integer of 1 
or more and M or less) transmission antenna having a propagation path 
whose calculated correlation value is higher than the threshold value, only 
spread codes orthogonal to the jth (j is an integer of 1 or more and M or less, 
\^\) transmission antenna corresponding to the correlation value having 
exceeded the threshold value are assigned (or spread codes orthogonal to 
each other are preferentially assigned). On the other hand, for a transmission 
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antenna having no propagation path of a high correlation value, spread codes 
are assigned without considering orthogonality of the spread codes to the 
other antennas. 

By the way, when the number of transmission antennas or reception 
5 antennas is large, the number of supposed propagation paths becomes large 
accordingly and it becomes difficult to determine which correlation value 
should be used in the above-mentioned threshold decision. Therefore, in the 
present invention, a standard correlation value is introduced as a correlation 
value used in the threshold decision. With regard to this standard correlation 

10 value, for example, correlation values of a propagation path between the ith 
transmission antenna and the kth (k is an integer of 1 or more and N or less) 
reception antenna with propagation paths between the first, second, (i-1)th, 

(i'*-1)th Mth transmission antennas and the kth reception antenna are 

calculated to the entire reception antennas, and the maximum value among 

15 the (M*1) X N correlation values thus obtained may be set as the standard 
correlation value. Otherwise, correlation values of a propagation path 
between the ith transmission antenna and the kth (k is an integer of 1 or more 
and N or less) reception antenna with propagation paths between the first, 
second, (i-l)th, (i+1)th. Mth transmission antennas and the kth 

20 reception antenna are calculated to the entire reception antennas, and an 
average value among the (M-1 ) x N correlation values thus obtained may be 
set as the standard correlation value. 

Further, in the case that the spread codes orthogonal to each other 
are preferentially assigned to the transmission antennas, as it may be clear 

25 from the above-mentioned explanation, the maximum number of spread codes 
assigned to the transmission antennas decreases. The threshold value in 
correlation values may be set in a plurality of steps so that the code multiplex 
number for each transmission antenna is determined according to in which 
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step the correlation value is. In this case, when the correlation value used in 
the threshold decision is the above-mentioned standard correlation value and 

L threshold values of Xo, Xi X(l.i) (0< Xq < xi < ... ^ X(l.i) ^ 1 ) are set if the 

standard correlation value R is Xp < R < X(p+i) (p is an integer of 0 or more and 
(L-1) or less), for example, the code multiplex number of the transmission 
antenna corresponding to the standard coaelation value can be set to be (L-p). 

Fig. 8 is a block diagram illustrating a configuration of a code spread 
radio communication system according to a second embodiment of the 
present Invention. 

This code spread radio communication system includes, in the same 
way as the code spread radio communication system as shown in Fig. 4, a 
transmitter 201 provided within the first radio transmission device 1 1 and a 
receiver 202 provided within the second radio transmission device 12. In this 
second embodiment, the transmitter 201 is provided with transmission 
antennas 1 1 1 and 112. and the receiver 202 is provided with reception 
antennas 121 and 122. 

Although the transmitter 201 has a configuration similar to the 
transmitter 101 shown in Fig, 4, it is provided with a spread code assigning 
circuit 203 different from the spread code assigning circuit 106 in Fig. 4. That 
is, the spread code assigning circuit 203 in the second embodiment is inputted 
through the reverse direction channel 130 from ttie side of the receiver 202. a 
code multiplex number control infonnation Scncon instead of the propagation 
path correlation information Scor. The spread code assigning circuit 203 
increases or decreases the maximum code multiplex number assignable to 
each transmission antenna based on the code multiplex number control 
information Scncon» and outputs a code multiplex number restriction signal 
ScREs to the scheduler 105, The spread code assigning circuit 203 also 
outputs the spread code assigning signals Saloci and Saloc2 for designating 
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as many spread codes as the number corresponding to the code multiplex 
number notifying signal Scnum received from the scheduler 105. to the 
transmission signal generation circuits 103 and 104. 

The transmission signal generation circuits 103 and 104 and the 
scheduler 105 in the transmitter 201 are the same as those in the transmitter 
101 shown in Fig. 4. The transmission signal generation circuit 103 receives 
the data making request signal Sdoa sent from the scheduler 105 and the 
spread code assigning signal Saloci sent from the spread code assigning 
circuit 203 and makes a transmission data, and spreads and multiplexes with 
the spread codes corresponding to the code assigning signal Saloci. and 
outputs a transmission signal Stxi- Similarly, the transmission signal 
generation circuit 104 receives the data making request signal Sdoa and the 
spread code assigning signal SALac2 and makes a transmission data, and 
spreads and multiplexes with the spread codes corresponding to the code 
assigning signal Salocs. and outputs a transmission signal S^. The 
scheduler 105 receives the code multiplex number restriction signal Scres. 
and outputs the data making request signal Soda and the code multiplex 
number notifying signal Scnum for notifying a code multiplex number 
corresponding to a data volume. 

The receiver 202 receives the reception signals Srxi and Srx2 
respectively from the antennas 121 and 122. The receiver 202 is provided 
with a demodulation circuit 204 and a code multiplex number control signal 
generation circuit 205. The demodulation circuit 204 demodulates the 
reception signals Srxi and Srx2> and also calculates a packet success rate for 
each of the regenerated data Sqdi and Sooz and outputs a packet success rate 
information Spsr. The code multiplex number control signal generation circuit 
205 outputs the code multiplex number control information Scncon based on 
the packet success rate information Spsr. The demodulation circuit 1 04 
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outputs, as the result of having demodulated the reception signals Srxi and 
Srx2i the regenerated data Sooi and Sdd2 respectively corresponding to the 
transmission data generated in the transmission signal generation circuit 103 
and 104. Here, the packet success rate is used as an indicator of reception 
quality. 

Fig. 9 illustrates an example of the internal configuration of the 
demodulation circuit 204. The demodulation circuit 107 has almost the same 
configuration as the demodulation circuit 305 in the conventional spread code 
radio communication system explained in Fig. 3, except that it Is provided with 
a packet success rate calculation unit 240. The packet success rate 
calculation unit 240 calculates the packet success rate for each of the 
regenerated data Sdoi and Sdd2 based on the error correction decoding in the 
decoders 517 and 518, and outputs the calculated result as the packet 
success rate information Spsr. 

The code multiplex number control signal generation circuit 205 
determines increase or decrease of the maximum code multiplex number in 
the transmission antennas 111 and 112 based on the packet success rate 
information Spsr. and outputs the code multiplex number control information 
ScNcoN. Specifically, a maximum object value and a minimum object value are 
previously determined. The code multiplex number control signal generation 
circuit 205, if the lower value of either of the packet success rates 
corresponding to the regenerated data Sooi and Sdo2 exceeds the maximum 
object value, outputs such code multiplex number control information Scncgn 
as to increase the maximum code multiplex number to be assigned to the 
transmission antennas 111 and 1 12 by 1 . On the other hand, if the lower 
value of either of the packet success rates corresponding to the regenerated 
data Sdoi and Sdd2 is below the minimum object value, the code multiplex 
number control signal generation circuit 205 outputs such code multiplex 
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number control information Scncon as to decrease the maximum code 
multiplex number by 1. Tlie code multiplex number control infomiation Scncon 
is transmitted through the reverse direction channel 130 to the transmitter 201 . 

The following is a description concerning increase and decrease of the 
. maximum code multiplex number assuming that the maximum object value is 
0.8 and the minimum object value is 0.4. 

Fig. 10 assumes a status that two spread codes orthogonal between 
antennas are assigned respectively to the antennas 111 and 1 12 as an initial 
status. Here, it is assumed that the packet success rates corresponding to the 
regenerated data Sddi and Sooz are respectively 0.9 and 0.85. In this case, 
since the lower packet success rate 0.85 exceeds the maximum object value 
0.8, such code multiplex number control information Scncon as to increase the 
maximum code multiplex number assigned to the transmission antennas 1 1 1 
and 1 12 by 1 is transmitted to the spread code assigning circuit 203. The 
spread code assigning circuit 203, based on the code multiplex number 
control information Scnconi changes the spread codes assigned to the 
transmission signal generation circuits 103 and 104 from 2 to 3 respectively. 

In the example shown in Fig. 10, code 2 and code 0 are additionally 
assigned respectively. Therefore, spread codes non-orthogonal to each other 
are used between the transmission antenna 111 and 112. 

Subsequently, it is assumed that the packet success rates 
corresponding to the regenerated data Sddi and Sdd2 are respectively 0.3 and 
0.4. In this case, since the lower packet success rate 0.3 is below the 
minimum object value 0.4, such code multiplex number control information 
Scncon as to decrease the maximum code multiplex number assigned to the 
transmission antennas 111 and 1 12 by 1 is transmitted to the spread code 
assigning circuit 203. If the packet success rate is 0.4 (the minimum object 
value) or more and 0.8 (the maximum object value) or less, the maximum 
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code multiplex number is not changed. 

As shown in Fig. 10, a priority of spread codes assignment is set for 
each transmission antenna. In this case, when the maximum code multiplex 
number assigned to the transmission antennas is small, different spread 
codes orthogonal to each other are used for each transmission antenna. And, 
when the maximum code multiplex number assigned to each transmission 
antenna becomes large, the same spread codes are used for different 
transmission antennas. 

As explained above, also in the second embodiment, the code 
multiplex number set to each propagation path is dynamically controlled 
according to the correlation of the propagation paths between 
transmission/reception antennas. Further, in the second embodiment, 
although the increase or decrease of the code multiplex number is assumed to 
be common to entire antennas, it is possible to independently control the 
increase or decrease of the code multiplex number. For example, based on 
the packet success rate of each reception antenna, the maximum code 

« 

multiplex number assigned to the transmission antenna transmitting the 
transmission signal received by the reception antenna may be increased or 
decreased. Furthermore, although the packet success rate is used as a 
reception quality, as another reception quality, for example, the signal to 
interference wave power ratio, the bit error rate or the like may be used. 

The number of the transmission antennas or the reception antennas is 
not limited to 2 also in the second embodiment. For the same reason as the 
case of the first embodiment, the number of the transmission antennas is 
required to be two or more, but the reception antenna may be 1 or more. Also, 
the number of the transmission antennas and reception antennas is not 
required to be identical. 

According to the present invention, as described above, by means of 
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adaptively performing spread codes assignment including the number of the 
spread codes used, to the transmission antennas according to the 
propagation path congelations, the characteristic deterioration due to 
propagation path correlations in the spread code radio communication system 
using a plurality of transmission/reception antennas cari be improved, 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to code spread radio 
communication systems using a plurality of transmission/reception antennas 
on the whole. 
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